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FOREWORD 


There  are  many  different  methods  that  car;  be  used  to  establish  the 
effectiveness  of  the  interruption  of  an  explosive  train.  This  report 
describes  a  series  of  approaches  which,  i*-  followed,  will  make  it  pos¬ 
sible  to  predict  the  safety  of  a  given  explosive  train  with  a  high  level 
of  confidence.  In  addition,  by  more  or  less  standardizing  the  method 
by  which  the  safety  of  an  explosive  train  is  established,  one  will  be  able 
to  make  a  reasonable  comparison  of  the  safety  of  various  safety-arming, 
devices. 


C.  R.  Hamilton 
Electromechanical  Division 


ABS'I  RACT 


Several  experimental  approaches  for  establishing  the  effectiveness 
of  the  interruption  of  an  explosive  train  are  presented.  It  is  recom¬ 
mended  that  a  combination  of  the  approaches  described  be  used  to  evalu¬ 
ate  the  safety  of  any  new  explosive  train. 
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INTRODUCTION 


A  fuze  must  be  designed  so  that  in  the  "safe"  (unarmed  condition  it 
provides  an  interruption  in  the  explosive  train  to  separate  the  "sensi¬ 
tive"  elements  from  those  elements  of  the  train  sufficiently  insensitive 
as  to  constitute  an  acceptable  hazard.  In  familiar  terminology,  the 
initiation  of  the  primary  explosive  components  must  not  initiate  any  of 
the  secondary  explosive  components  beyond  the  barrier  or  interrupter. 
The  barrier  or  interrupter  must  be  at  that  point  in  the  train  at  which 
the  explosive  output  would  not  reach  a  level  of  intensity  that  would  con¬ 
stitute  a  hazard  and  at  which  the  explosion  must  be  contained  within  the 
fuze  case. 

An  investigation  of  the  safety  of  an  explosive  train  must  take  into 
account  the  following  facts: 

1.  The  output  intensity  of  the  initiator  or  in-line  portion  of  the  train 
can  vary  within  some  range.  The  samples  available  for  testing  will 
usually  not  approach  the  extremes  of  this  range. 

i.  The  sensitivity  to  initiation  of  explosive  components  beyond  the 
interrupter  can  vary  within  some  range. 

3.  The  physical  dimensions  of  all  mechanical  parts  can  vary.  This 
includes  such  items  as  the  thickness  of  the  barrier,  the  thickness  of  the 
fuze  case,  the  cups  and  end  sealing  of  encapsulated  components,  and 
gaps  or  clearances  between  parts. 

4.  The  strength,  homogeneity,  brittleness,  and  presence  of  cracks 
or  fissures  in  barrier  materials  can  vary. 

Since  a  very  low  probability  of  safety  failure  is  the  objective,  none 
of  these  variables  can  be  ignored  in  the  attempt  to  evaluate  the  safety 
of  an  explosive  train  interruption.  Testing  and  analysis  must  explore 
each  of  these  variables.  It  is  also  essential  to  consider  each  of  these 
aspects  of  the  problem  because  of  the  possibility  that  assumptions  regar 
ing  the  normalizing  function  may  be  significantly  in  error  unless  large 
quantities  of  test  data  are  available  to  establish  this  normalizing  functio 


EXPERIMENTAL  METHODS  OF  INVESTIGATION 


Figure  1  shows  the  major  components  of  a  typical  explosive  train. 

The  first  element  is  a  detonator,  or  primer,  which  is  responsive  to 
either  an  electrical  or  a  mechanical  input.  The  second  element  is  the 
barrier  or  interrupter,  which  will  prevent  the  progression  of  a  detona¬ 
tion  if  the  detonator  is  fired  when  the  barrier  is  in  the  "safe"  position. 
The  barrier  can  contain  an  intermediate  charge —  either  an  explosive 
lead  or  flash  detonator— or  merely  a  hole  through  which  the  detonator 
output  can  be  allowed  to  reach  the  third  element  in  the  train,  when  the 
barrier  is  in  the  "armed"  position.  The  third  element  in  the  train  is 
generally  the  output  lead.  The  output  lead,  booster,  and  warhead  must 
contain  only  secondary  explosives. 

To  design  tests  which  will  be  used  to  evaluate  an  explosive  train,  the 
first  step  is  to  search  out  the  possible  failure  paths  by  which  the  sensi¬ 
tive  elements  in  the  train,  including  any  of  those  in  the  barrier  or  inter¬ 
rupter,  might  directly  initiate  the  output  lead,  booster,  or  warhead. 
Figure  1  indicates  five  of  the  possible  failure  paths,  each  of  which  may 
be  investigated  by  one  or  more  of  the  techniques  described  below 

PROGRESSIVE  ARMING  TEST 

The  objective  of  the  progressive  arming  test  is  to  determine  the 
safety  or  effectiveness  of  the  explosive  train  interrupter  as  a  function 
of  its  position.  In  Figure  1,  line  "A"  indicates  this  path  of  initiation, 
which  is  generally  subjected  to  a  progressive  arming  test.  The  test 
consists  of  progressively  moving  the  explosive  train  toward  the  "armed," 
or  in-line,  position,  to  determine  the  point  at  which  the  sensitive  ele¬ 
ments  will  transfer  the  detonation  to  the  second  item  in  the  train.  The 
test  is  based  on  the  assumption  tha*  the  probability  of  initiating  the  out- 
of-line  component  can  be  expressed  as  a  function  of  the  distance  between 
the  two  explosive  components  and  that  the  function  is  continuous  through¬ 
out  the  range  of  separation  from  the  "armed"  position  to  the  "safe"  posi¬ 
tion.  Too  frequently  such  a  test  is  performed  under  the  assumption  that 
the  relationship  between  the  separation  distance  (degree  of  misalignment) 
and  the  probability  of  propagation  between  the  two  is  a  Gaussian  distri¬ 
bution.  Instances  can  be  found  of  the  firing  of  Bruceton-type  experi¬ 
ments  around  the  50  percent  firing  point  and  of  extrapolation  of  the  cal¬ 
culation  from  this  data  to  the  "safe"  position  without  further  investiga¬ 
tion.  Data  near  the  extremes  must  be  taken  to  permit  a  Probit  analysis 
or  other  suitable  approach  that  will  increase  confidence  in  the  validity 
of  the  predictions  regarding  safety  of  the  unarmed  train;  and  if  other 
points  intermediate  between  "safe"  and  "armed"  are  of  interest,  data 
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must  be  gathered  concerning  operation  at  these  points  to  assure  that 
the  assumption  of  a  continuous  function  is  valid. 

The  methods  of  conducting  the  progressive  arming  test  and  the  sta¬ 
tistical  methods  of  evaluating  the  test  data  are  described  in  NAVORD 
Report  2101.  ^  The  criteria  which  are  used  to  determine  whether  any 
one  shot  is  rated  "safe"  or  "unsafe"  need  to  bn  carefully  established. 
MIL-STD-315  contains  some  criteria  which  should  be  used;  additional 
criteria  will  need  to  be  established  that  give  consideration  to  the  spe  ¬ 
cific  item  being  tested. 

BARRIER  THICKNESS  TEST 

The  purpose  of  the  barrier  thickness  test  is  to  establish  a  barrier 
thickness  that  will  contain  the  output  of  the  sensitive  elements.  If  the 
barrier  were  evaluated  at  standard  barrier  thicknesses,  the  number  of 
tests  required  would  be  prohibitive.  To  reduce  the  number  of  tusts 
required,  the  test  may  be  performed  by  progressively  degrading,  or 
thinning,  the  barriers.  If  the  barriers  are  reduced  by  proper  incre¬ 
ments,  the  statistical  evaluation  described  in  NAVORD  Report  2101 
can  be  used.  For  example  (see  Figure  1),  the  possible  failure  path  P 
would  be  explored  by  progressively  reducing  the  thickness  of  the  barrier, 
and  failure  path  C  would  be  explored  by  reducing  the  length  of  the  path 
by  which  the  barrier  could  be  circumvented.  Other  paths  such  as  D  and 
E,  which  go  directly  from  the  detonator  to  the  booster  or  warhead,  would 
also  be  investigated  by  progressively  thii  ning  the  thickness  of  the  mecha¬ 
nism  case,  the  warhead  liner,  or  other  materials  between  the  detonator 
and  the  booster  or  warhead. 

INCREASED  OUTPUT  TEST 

The  objectives  of  the  increased  output  test  are  (1)  to  provide  inr’-o3secj 
confidence  in  the  results  of  the  progressive  arming  and  barrier  thickness 
tests,  and  (2)  to  explore  the  effects  of  the  detonator  variability  on  the 
safety  of  an  explosive  train.  It  is  possible  that  the  detonators  used  in 
the  progressive  arming  and  barrier  thickness  tests  did  not  provide  the 
maximum  output  that  could  be  encountered.  For  example,  the  Mk  71 
detonator  may  have  been  used  in  these  tests.  This  detonator,  when  con¬ 
fined  in  brass, has  an  output  which  results  in  an  average  dent  of  0.015 
inch  in  a  steel  dent  block.  The  specification  for  this  detonator  (as  for 


^NAVORD  Report  2101,  Statistical  Methods  Appropriate  for 
Evaluation  of  Fuze  Explos  ive  -  Train  Safety  and  Reliability  (U),  by  H.  P. 
Culling,  Naval  Ordnance  Laboratory,  White  Oak,  Maryland,  1  i  October 
1953. 
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most  detonators)  provides  no  maximum  output  requirement— -i.e.,  no 
specific  upper  limit  on  the  explosive  capability  of  the  detonator.  Test 
data  from  production  lots  of  the  Mk  71  detonator  show  dent  values  ranf 
ing  through  0.019  inch.  To  assure  that  the  explosive  train  is  safe  whei 
a  detonator  with  a  maximum  output  is  encountered,  tests  should  be  cor 
ducted  with  a  substitute  detonator  whose  output  is  higher  than  the  outpu 
of  the  detonators  which  are  to  be  used.  In  case  the  Mk  71  detonator  is 
specified,  a  Mk  70  detonator,  which  has  a  specified  average  dent  capa¬ 
bility  of  0.019  inch,  could  not  be  used  for  test  purposes. 

At  present,  detonators  are  not  available  in  a  desirable  series  of 
incremental  steps  of  output,  but  the  steps  available  should  be  used  to 
confirm  the  adequacy  of  the  barrier  selected  by  a  repetition  of  the  bar  - 
rier  thickness  test  using  detonators  of  higher  output.  Designs  iOr  a 
graded  series  of  detonators,  varying  in  useful  increments  of  output, 
are  in  preparation  and  will  be  available  for  future  use  in  refined  tests 
of  this  variable. 

INCREASED  SENSITIVITY  TEST 

The  objectives  of  the  increased  sensitivity  test,  like  the  increased 
output  test,  are  (1)  to  provide  increased  confidence  in  the  progressive 
arming  test  and  the  barrier  thickness  test,  and  (2.)  to  explore  the  effect 
of  variability  in  the  sensitivity  of  the  acceptor  explosive.  To  explore 
any  of  the  possible  failure  paths  indicated  in  Figure  1,  it  would  be  nec¬ 
essary  to  use  explosives  of  increased  sensitivity  in  the  acceptors  (lead, 
booster,  or  warhead).  In  some  cases  it  would  be  impractical  to  dupli¬ 
cate  the  complete  acceptor  with  more  sensitive  explosives;  at  such  time 
thin  layers  of  sensitive  explosive  might  be  used  to  simulate  the  acceptoi 
charge. 

A  useful  explosive  for  this  test  is  PETN.  The  ratio  of  the  sensitivity 
of  PETN  to  that  of  other  common  secondary  explosives,  including  tetryl 
CH-6,  RDX,  and  some  typical  warhead  explosives,  is  known.  Further 
information  on  the  ratios  of  sensitivity  of  various  explosives  is  containe 
in  NAVV/EPS  Report  741 1.2 


2NAVWEPS  Report  7411,  VARICOMP,  A  Method  for  Determining 
Detonation  - Transfer  Probabilities  (U),  Naval  Ordnance  Laboratory, 
White  Oak,  Maryland,  30  June  1961. 


5 


SUMMARY 


The  foregoing  sections  describe  tests  that  may  be  used  to  investigate 
possible  failure  paths  in  a  fuze  explosive  train.  The  descriptions  of  the 
tests  are  necessarily  brief  because  the  actual  details  will  depend  on  the 
fuze  design.  An  evaluation  of  a  fuze  explosive  train  which  made  use  of 
the  tests  outlined  above  is  described  in  detail  in  NOLC  Report  67  1 .  * 

Thi  -eport  not  only  describes  the  test  procedure  in  detail  but  also 
desci.jes  the  method  of  analyzing  the  data. 


^NOLC  Report  671,  WALLEYE  Fuze  Mk  3c8  Mod  0  Explosive- 
1  rain  Tests,  by  R.  L.  Higuera  and  R.  L.  Smith,  Naval  Ordnance  Labo¬ 
ratory,  Corona,  California,  in  publication. 


NOLC  Report  666. 


INITIAL  DISTRIBUTION 

Copies 

Commander 

Naval  Air  Systems  Command 
Navy  Department 
Washington,  D.  C.  20  360 

Attn:  Code  AIR-5  324,  P.  Cavanaugh  1 

AIR-604  2 

Commander 

Naval  Weapons  Laboratory 
Dahlgren,  Va.  22484 

Attn:  J.  V.  Blanton  1 

Commander 

Naval  Ordnance  Laboratory 
White  Oak 

Silver  Spring,  Md.  20910 

Attn:  Code  NO,  A.  M.  Corbin  1 

XWV,  R.  C.  Morrissette  1 

Defense  Documentation  Center 
Cameron  Station 

Alexandria,  Va.  22  314  20 

NOLC: 

B.  F.  Hus  ten,  Code  50  1 

C.  R.  Hamilton,  Code  55  l 

J.  F.  Crossley,  Code  551  1 

W.  R.  Hoelzen,  Code  552  1 

M.  H.  Brown,  Code  55  3  1 

R.  L.  Higuera,  Code  55  3  1 

Library,  Code  234  2 


7-66-60 


7 


Security  Classification 


UNCLASSIFIED 


DOCUMENT  CONTROL  DATA  •  R&D 

^^^_^(^*btjr^ty^ctaaalttcatlort  *****  botjy  ot  abstract  art-1  unnoUlion  mu  at  b,»  art r*md  arhrtn  r.va-att  'ap.irt  m 


t  ORIGINATING  ACTIUItY  (Corporate  author  I  2*  nrPO#'  ^rc  ^  <  C  r  r< 

_  .  .  .  _  1  UNCLASSIFIED 

Naval  Ordnance  Laboratory  Corona  . _ _ _ 

2b  group 


J  REPORT  TITLE 

EXPERIMENTAL  METHODS  FOR  DETERMINING  THE  EFFECTIVENESS 
OF  INTERRUPTION  OF  A  FUZE  EXPLOSIVE  TRAIN 


4  DESCRIPTIVE  NC^ES  fTvpe  of  report  end  inclusive  d*f*e) 


5  A U THOR'S;  (Lent  nmm*  tint  re*ne  initial) 

Hamilton,  C.  R.;  Hoelzen,  W,  R.;  Higuera,  R.  L. 


6  REPO  RT  OATS 

1  July  1966 


A*  CONTRACT  0»  CRIST  no 


•  •  OR.  QlN*  TOR'S  *rpc»~  SyvM  •  S 


6  P  ROJICT  NO 


NOLC  666 


1  t  b  OTHfA  RfPORT  sty  J)  M  rv  ifhir  rtiiTft*'*  --fy 

!  thf«  report) 


10  4  V  A  IL  ABILITY-  LIMITATION  NOTICES 


Distribution  of  this  report  is  unlimited 


it  Supplementary  rotes 


is  abstract 


12  SPONSORING  MILITARY  act  ‘vITy 


Naval  Air  Systems  Command 
Navy  Department 


Several  experimental  approaches  for  establishing  the  effectiver.es  s  of  the 
interruption  of  an  explosive  train  are  presented.  It  is  recommended  that  a 
combination  of  the  approaches  described  be  used  to  evaluate  the  safety  of  any 
new  explosive  train. 


DD  1473 


0 ! Ot • 107 • ti 00 


UNCLASSIFIED 

5ecunt\  CDssifirarii-n 


Security  Classification 


UNCLASSIFIED 


INSTRUCTIONS 


'.  ORIGINATING  ACTIVITY:  Enter  the  nnme  and  address 
of  the  contractor,  subcontractor,  grantee.  Department  of  De¬ 
fense  activity  or  other  organization  f corporate  author)  issuing 
the  report. 

2a.  REPORT  SECURTY  CLASSIFICATION:  Enter  the  over* 
all  security  classification  of  the  report.  Indicate  whether 
‘‘Restricted  Data**  is  included.  Marking  is  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

2ft.  GROUP:  Automatic  downgrading  is  specified  in  D<>D  Di¬ 
rective  5200.10  and  Armed  Forces  Industrial  Manual.  Kilter 
the  group  number.  Also,  when  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  as  author¬ 
ized. 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
capital  letters.  Titles  in  all  cases  should  be  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion.  show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:  l.r  appropriate,  enter  the  type  of 
report,  e.  g. .  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dates  when  a  specific  reporting  period  is 
covered. 

5.  AUTHOR(S):  Enter  the  name(s)  of  authors)  as  shown  on 

or  in  the  report.  Ent  ei  list  name,  first  name,  middle  initial,  j 
If  military,  show  rank  and  branch  of  service.  The  name  of  j 

the  principal  author  in  an  absolute  minimum  requirement.  ; 

6.  REPORT  DATE.  Enter  the  date  of  the  report  as  day. 
month,  year,  or  month,  year.  If  more  than  one  date  appears 

on  the  report,  use  date  of  publication.  j 

7a.  TOTAL  NUMBER  OF  PAGES  The  total  page  count 
should  follow  normal  pagination  procedures,  i.  e. ,  enter  the 
number  of  pages  containing  information. 

76.  NUMBER  OF  REFERENCES:  Enter  the  total  number  of 
references  cited  in  the  report. 

8«i.  CONTRACT  OR  GRANT  NUMBER  If  appropriate,  enter 
tne  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

8ft,  8c,  at  8 d.  PROJECT  NUMBER:  E  nter  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.  ORIGINATOR'S  REPORT  NUMBER(S)  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  num.bc-  must 
be  unique  to  this  report. 

9ft.  OTHER  REPORT  NUMBER  S):  If  the  report  has  been 
assigned  any  other  report  numbers  (either  ftv  the  *tor 

or  ft y  the  sponsor),  also  enter  this  number*  s). 

10.  AVAILABILITY  LIMITATION  NOTICES:  Enter  anv  lim¬ 
itations  on  further  dissemination  of  the  report,  other  than  tho*e 


imposed  by  security  <  lassifit  ation,  using  standard  stater e 
such  as1 

(1)  “Qualified  requesters  may  obtain  i  «>pies  of  th-s 
report  from  DDC." 

(2)  “Foreign  announcement  and  di  sseritn.P  ion  of  this 
report  by  DDC.  »s  not  authorized." 

(3)  "U.  S.  Government  agencies  may  obtain  copies  >f 
this  report  directly  from  DDC.  Other  qualified  Dl> 
users  shall  request  through 


“U.  S.  military  agencies  may  obtain  copies  of  thi* 
report  directly  from  DDC.  Oher  qualified  us»-rs 
shall  request  through 


"All  distribution  of  this  report  is  cont  'oil  e«t  Qual 
ified  DDC  users  shall  request  through 


If  the  report  has  been  furnished  to  the  Offic  e  of  Tec  hm 
Services.  Department  of  Commerce,  f  «r  sale  to  *he  publt*  . 
cate  this  lact  and  enter  the  price,  if  known. 

11.  SUPPLEMENTARY  NOTES:  Use  fern  acidition.il  cm  Li 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name 
the  departmental  project  office  or  laboratory  spons^rin.1  'pi 
tng  for)  the  research  and  development.  Inc  lude  addres*. 

13  ABSTRACT:  Enter  an  abstract  giving  a  br*of  and  b. 
summary  <f  the  document  indicative  *  f  the  repor.  **v»t  *h 
it  may  also  appear  elsewhere  in  the  body  of  the  tern**'  !  * 
port.  If  additional  space  is  required,  a  t  *>ntinud?i'‘n  t‘h* 
be  attached 


It  is  hig*  I  -  desirable  that  the  abstract  <*f  classify,  -• 
be  unclassified.  Each  paragraph  of  the  abstra*  t  shall  <  r  ' 
an  indication  of  the  military  security  classify  .itiun  f  *)*• 
formation  in  the  paragraph,  represented  as  (TS-  ’  5 /  C  ■  ■  i 

There  is  no  limitation  on  the  length  of  *hc  abstra-  '  H 
ever,  the  suggested  length  is  fruir.  150  t-*  225  word-- 

14  KEY  WORDS:  Key  words  are  technically  meaning'  ’ 
or  short  phrases  that  characterize  a  report  and  mav  !*«•  «;  •: 

index  entries  for  cataloging  the  report.  Key  word.;  must  b«- 
selerted  so  that  no  security  classification  :>  required  Id* 
fters,  such  as  equipment  model  designation,  trade  name  mi 
protect  code  name,  geographic  location,  may  be  used  as  <• 
words  but  will  be  followed  by  an  indication  of  technua!  cu 
text.  The  assignment  of  links,  roles,  and  weights  is  op’iot 
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